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This book is desligned as & report’gnd an in-service
+oc1 for teachers of grades K-6. It is built arcand =he idea that-tire
s+andard textbook treatment of metric measurement gives rise to many '

misconcep**ons among primary arade chil « This report is a record g
of +he develcpment of alternative methods for introducing meaguring )
activities *c¢ first-grade,childrer. Sections of the bobk are
craganized by clusters of %ela+ed problem-solving activities and
stratgegies. The major sect+ions are titled° Size biscrimination:

_ Nen?&tandard Units of Measur ment- ‘and Measuring with Standard ‘Units.

'~ The objec®ives are:®(1) -to pe able to use 2 unit of: measure with ,
‘reasonable accuracy: (2) *+¢ record resul*s ‘of observations in. several
forms: (3) to estimate yith-increasipng accu:acy' (4) to give reasons
+0 supvort es*timates: (&L to choose/pn appropriate instrument for the
‘measuring task: and (6) to transfer’l earnirqs to the. system of
“imrerial measures. (MP) .
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University staff members and Champaign teachers are work-

_ing together on these development effoits. Opportunities are

available daily for working both with individual children and with

large and small groups in developing materials. This interaction

' development process. .

of staff, children, ar’l.él materials has coris"ti_tuted the; heart of the

" Some units were initiated in’ th.e'-‘ll'()'.70~'-_7l school year, - Approxi-

‘mately a dozen units were begun during th¢ 1971 Sumnmer Planning

_ and Writing Conference. Still other units were started during the

1971-72 school year, Currently, these-unitg are being put inta the
‘form of preliminary editions. This booklet,Mnd those that are
". forthcoming, represents an early stage of curriculum development,
_Consequently,, teachers ugifig these materials for the first time
. ghould consgider their initial attempts exploratory,
: _ prorat
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It might also be noted that many of these booklets have been
-written to emphasize the use of resources in the Champaign-Urbana
“area. While it is hoped that the ideas contdined can be generalized
.and adapted to fit your local environment, we.would appreciate -
©/"hearing of any difficultiés you encountered in attempting to use

this ynit in your own community. - _ .
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earnestly soliciting feedback so that future revisions may benefit
from actual classroom use. To facilitate this feedback, a brief
Teacher Reaction- Form"‘as been included for your usé. We would
appre01ate the returh of this form as soon as possible, :
_ We hope that you w111 freely explore thls unit with your chil- .
~dren and let us kitow how you think our materials might be improved.
'Our project staff looks forward to hearing--and lea;nl_ng--from you.
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- 'u. Measurement 1s.en appllcatlon of mathematics that is: . .

k : used dai%\/by most adults.i Yet the treatment of measurement y -

K] ‘\ f'bln)elementary school texts is often sterlle and divorced from |
f -'.the reai‘world = Children are rarely'glven the opportunlty to

1

use non-standard units to measure anything mdé. ex01t1ng than

»

»

- \_
R a plcture in a textbook., All too often, they are 1ntroducéd

‘ to standard-ruLers as early as pos91b1e in "their schpol careers

‘ . . . E R &
and asked to measure ‘numerous dlne segments on a worksheet.

.o o /
o Because the authors feel that the standard textbook pre-'

sentatlgk ‘gives risefto’ many mlsconceptlons concerning the
T | ‘nature of lirméar. measureﬁent an alternate method has been .
* f_\ devised’ fo%;lntﬁeduoﬁng initial measurement activities to
o B primatYQQrade'chiddren. .This booklet is a record of the de-
Velopment of thﬂs method with a group of first graders. R .
» .o .

Children have’ been "measurlng" long before they enter

fitst grade; but most of their measuring has beenyelther,drrect; :,'
. X , alrect

]

’ 9"l

compayisons between dbjects,:distances; and weights, or indirect

l%compafESOns through the use of their own bodies or strength

" ' ' (e;g.,‘stating the width of a desk in terms of hand spans Sr

‘comparing_the effort necessary to 'lift different objects).- All
/\ . - - . )

that is lacking when they are measuring in this way is a unit

. naes " B I T TP
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' of feasure byxwhich fine qomparisons can be made*—a unit of - )
.Mmeasure Whléh serves as a reference,/a standard in terms of o “ .

which all subsequent measurements are performed

Llsted below are the basic ideas which we felt were im— o>

portant for children to develop durlng the1r work with llnear

v

-_measurement These ideas do not' depend in any way on the

measurement system used v
-t ‘ l. 'In order. to measure, there must be some unit of ' -/
' measure. ; : - : :
2. UnitS'of measure are arbitrary. ' o . !
3. A selected umit of measure may become standard- | ‘ S
1zed for the convenience of public use. (The 7 . L
most widely -used unit of meagure for small S v S

' dlstances is the centimetre. «)

o

4. After a unit of: measure has been selected for a
given task, it should be used consistently through-
out the task {This may necessitate involvement
with multiples and fractions of the unit.)

5. The measurement duld be labeled to indicate - o [ A
what unit has be used 3 :
6. All actual measurements are approximate. ' The
degree of ‘accuracy depends on the .refinement of
the measurement tool and the skill with whlch the
tool is used.

7. The goal of measurlng is to be as: accurate as .
50551b1e——to find an "answer" that is close e enough ‘ ’

e B or practical purpbses

]
3 .

*The -authors have used the International Standard spelling of
the various metric units (e¢.g., "centimetre," "metre") for the
‘,follow1ng reasons: First, thig is the spelling in international .
-use. Second, it is also the spelling which the Center for Metric -
- Education (Western Michigan University, Kalamazoo, Michigan) wWill
recommend to the Congress for official adoption in the United
States. And, third, it was noted that the children seemed to ‘
« have le&ss difficulty in spelling "-metre"-~perhaps because of its

similarity to "metrit"--than "-meter." For these réasons, the
. authors suggest that teachers use the "-metre"  spe ling when
o Zimplbmenting the activities in this booklet» _ |

15
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‘8. '‘Many measurements of the same thing tend to produce
' a clustering, of measures and a range of reasonable»

. results.

Co The au decided to use the metxic system in this

" dev lo;;E\i work for several reasons.' (1) There is a growing
interest in the metric system in the United States and a dis—‘

tinct‘poss1bility, at the time of this writing, that:this
' country may "go metric" in the foreseeable future, (2) metric

~
measures based on mult{éles/of ten correlate measurement work

)

- -with computational\worktin the decimal system and are more
easily handled by first graders than the mixed-base sfstem of
} - .

imperial (English) measures (see Abpendix?A); (3) many of the
f ™~
naw elementary school science proqrams expect children to use

metric mea#urement- and (4) all children are able to start °

. 9

- work on standard measures on an equal footing gince.any advan- - &
~ _tage due to familiarity with imperial units is eliminatedyg

Also, , before commencing their work the authors estab-

o'

lished as objectives the following six measurement skillS°

l. The ability to use a unit of measure with reason- = (]
able accuracy. T
) ’ ) )
"2, The ability to recoxd reSults of investigations
in several forms:
a. Number of'units used, labeled with name

of unit.
~b. Charts and tables.
c. Graphs. '
“ ™ 3. The ability to estimate with increasing accuracy.
* 4. The ability to \yive reasons to support estimates.

‘5. The abjlity to choose an appropriate instrument | .
for th§~measuring task at hand.

6. The‘ability to transfer learnings to the system
of imperial measures. J

‘ 4 . v-' : - »' " ) ) . 16 T
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By participating in activ1t1es des1gned ‘to aid them in. -y

acquirﬁng the skills ‘mentioned above, and through group dis-
cussions following each activity, it was hﬁped that the, chil—

dren would deve10p a basic understanding of mensuration

“—

-
]

‘Organization of Activities' - J

The activities in this booklet are organized with the
followingfgeneral‘sequence'in_mind: | |

1. Size discrimination

L

7 2. Non:standard uqits of measur
: Y v ! AN
3. Standard units of measurement L

»

v

The children were first presented with situations where

“

they had to. differentiate between objects of different 51zes.

Ly

lThlS procedure was intended to prov1de them w1th experiences
in verbali21ng size- differences ("larger than"/"smaller than") o e
It was. also designed to assess their ability to discriminate

: objects by size. 3A typical activity was to give each-chiid.a

number(pf-washers of different sizes to place in order.

The next series of activities provided the children with

experiences with non-standard units of measurement. They first

measured a varietY’of_things in their classgoom (desks, chairs,
chalkboards , length'and width of room, etc.) using body units-
(their hands, thein feet, etc. ) The use of these non-standard

unlts gave them- experience in measuring, recording, andlex~l~
pressing the size of things It soon became apparent to the |

»
children that it was not poss1ble toamake exact comparisons of

-~

- their measurements of the same objects since their measuring

| o 17 s
» ‘ ' S A .
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e\\\;nstruments (e. ges’ their feet) were -all different Sizes,‘

his vhowever, prov1ded the basis for comparison of a differ—:
"5
/ gat SOrt For example, the children became’;;;re of the fact
. 6 ©

" that if they all measured the Wldth of the hall, they could

. *

.predict who would take the fewest steps (persgn with biggest

-feet) and who would take the most (person with smallest, feet)
-lAfter using non—standard.units, the children moved t?

“standdrd non-standard" units, These were measurlng stické 4

£ uniform lengths made from cardboard Four different 0

lengths ‘were used. There were no unit marklngs of ;Ey klnd

. od them. The-sticﬁs of d1fferent lengths can be deaignatedn"

A

as "A—sticks,“ "B-sticks," "C- sticks,' and so on, or by
painting “them d1fferent polors. "With one class the authors : o

“‘\used SthkS of four differenb lengths——?O 50, 30, and 10 -

~

centimetres, They: - -were des1gnated as A-, B-,\C-,'and D- 7“3

. sticks, respectively. The children wege not told how long \
- ; | , g

" each of-the'stiiRS'mas,, This, they‘later discovered for | ﬂf ,

:themselves.- L N

With a second group of students, the measuring sticks .
were painted yellow, blue, gnd red and were 10, 40, and- 60 -
centimetreé»inllengthf'resoectively. .Again the children were
not told how lohg the:sticks were. 4 R \‘ \
| " Both methods of d signating the ‘sticks (by lettering
them or by palnting them different colors) worked equally

well to distinguish SthkS of different lengths. It was later

'determined however, that using sticks of 10, 20, 40, and 80
. .

‘.




e ‘centimetres was espegially convenieht since many students

.p{became-involved in expressing fractional'parts,
After:working with various‘non—standard units of meas;
.urement the children were gradually introduced to Standard
metric_units . The first unit With which they worked was the
metre. lAn uhmarked metre sticR was given to-each,child. o C e
This stick contained no centimetre or‘millimetre-markings. h‘~’ R f

The children;were‘told that the stick was calledka "megre.- i

tick" and that a "metre" was a‘unit'widely used.for;measuring'

jects‘andidistancesi' They were then providediwith'a wide ..
‘iv riety_of_exoeriences-in\measuring. . As experience‘was gained,
i moxe. stress was .given to accuracy of measurement.-‘The chilJ\ . 'Jf
f dre quickly realized that, although they all measured the \"
~samé\things, different people often got different answers. '. e
The; easons for these differences and the Ways in\which the .
child en became awarel?f their inaccuracy in measy%}ng are :

;discussed in the section entitled "Using Calibhated Mntre Sticks "_

After gaining experience with the unmarked metre stick

the chtldren were given a metre stick calibrated in centi-. ' !
) _ . . ! [ . .

'metres, Again, a:variety of activities was provided for the.
purpose of measuring objects and distances : "’, | | {
o To encourage them to think in terms of the various units ofw
-measurement used (non-standard and standard), the children were

- asked to estimate the length of a given dimension before they

A 4.

L]
L I

actually measured it. Thus, thejfeeling for the size of a metre

,3_and/or,a,centimetre was gradually developed. At first, the

14
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t estimates made by -the children- were gener;lly not too. accurate.
L It bet:‘ame apparent, -however, that as thgy gained experience
5 the accuracy of their estimates 1mprcved con51derab1y . J ' ,
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SIZE DISCRIMINATION = . L
/-_'- ) ] -» ' o ) .”

This initial series ®f actiVities;was;deSigned to give -

L N

. the children ékperience_inﬂthree skill areas: = (1) Differen-’

~—

. : : ¢ : . '“ L .,;’ ’
tiating Qgtween the sizes of pictured objects, (2) verbalizing |

i

the ogéérved differences, and’kB) qrdering'objécts by size.

-
.

Who Likes Ice Cream Cones?

. . . \‘

A seried of five cards with drawings of ice cream cones
. v /‘- . . : . I - i .. )
of different sizés (see Figure 1) was used in this Fet of

activities. In the actual development work, each done had -,

o

ice creamnyof a*differént color. 3Thé‘cardS-Were'shown‘to the

€

e [
fd” ' _ aFig. 1-~Size Discrimination Using
' e S S prawings} of Ice Crean Cornes
i e ' A . ? ot Yo

children two cards at'a:iﬁsz”First, the largest'ice cream

, cone and.the smallest ic

cream cone weregpaired.and displayed.

The children werp asked to choose the' cond that they would g

select if the'cones_were real. ,(Thefassuﬁptioﬁ was-that they

~ would choose the card showing. the largest ice cream cone.)

, ~, . . . ) . . - . . v:' . ‘




The first child who responded expressed a desire for fthe' ‘ e

smaller cone. ' When asked why, he replled “Because I like

-~

'raspberry'better than’ lemon. (Apparently our affluent society .

“~

.has produced some’ chlldren who are swayed more by taste p‘efer—

s

ence than'by quantityl) When'¢he other chlldren were asKed ther e

\ same question, they all chose the‘larger (lemon) cdhe g v1ng

1na—

the reason that 1t was the larger of the two. Other co

A
" tions of 1ce cream“cone prctures were then shown to the chil-

4

dren.~ Some dlscrlmlnated readlly while otfiers had dlfflculty

atffirst% Slnce the chlldren’were in the f1rst grade, some

problems'Were-to be expected. (The chancexthat a child might

-~

’ahoose cqnes by flavor"raeher,than by size can.be eliminated o

| by making all of the ice creamgthe,same{color.)

, When theé combinations. of two“were exhausted, the children

were asked to place the ice cream oone cards in order by size.
. ' ’

-

'd Agaln, some could perform this task readily while others en-

countered some dlfflculty o . o L - / . .

N

" Let's Play Ball - S l | . ' ‘ i

A series of five cards,'each plcturlng a ball of ardiffer-
\ ] .. .
ent,s1ze was presented to the/chlldren (see Flgure 2) The.

' Fig. 2--Size Dlscrimlnation Using L L ,%A
o Draw1ngs of Balls _ - -

R
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g Ll
- o . . ) -
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:_children were -agked to place'the cards in order by size of

. bald. Having had experlence with the 1ce cream cone cards,
most children easily. aCcompllshed this’ task, When the cards

'werefin'order, a_number of questions s1m11ar-to the following
) C s . ' < . ) x N
‘were asked: MWhich-ball is smaller ‘than.two other balls and -

‘larger than two other_balls?“—*f

ghegBirthday»Presonts

.‘A series of five card§ showingvpres;ents-of',differentu

» 14

__sizes (see Figure 3) was used for those cﬁildren who needed

additional practice; The children were expected first to «

-put them in order and then to descrlbe each~present as being

. IR .
. either larger or smaller than eachuof.the‘other presents.'

~

«?he same -procedure was followed'with washers of-different

sizes.

" st . . . 7 L ’ -
N . . .. - . .. : T
\ o . E ) ° - K ﬁ‘
N g B .

Flg. :3--Size Discrimination U51ng - o
Drawings of Presents '

Rd

I'm Taller Than ;-. ;sh

_An intexestlng act1v1ty for the. chlldren was for them to

stand in a row and'arrange themselves in order by height.
!

f,gf- " This afforded an: oppqrtunity for gross comparison of size, a s

precursor of measurement. P"
. o 5




It was necessary, first of a11 for the children to de-

: Vise a method for ascertaining who was‘ talI‘est next .tallest.,
and so on, so that a’ descending oxrder by height could be es-
tJ!l!shed This-method can be as 51mp1e as merely standing
‘back to back two at a time, or the children can be encouraged
to suggest a more elaborate means for/ﬁetermining differences_ .
1n height Once they are in order, they shouId be .ablé to
}-describe their position in the line in a manner 51m11ar to the.

.following: "I am taller than two others azg shortir than four

;others."_ The point is that the children should be able to see

éshiererchyiand.beiabie to describe the uniqueness-of each
. position.in that hierarchy. ’ |
Sticks.offdifferent.lengths were then placed randomly on
_the floor to be ?ut in order. Again}.gross conparisons»of . ‘_“ .
| length'were needed; The children‘quickly found, by placing
\_ “side-bydside What they thought were the two longest sticks,
| that they could determine the longer one and correctly posi-

: tion'it in the sequence In general this procedure was £ol-
~lowed until all SthkS were in their proper order. Thus, they -’
demonstrated in a s1mple way a systematic method of measuring

The-children in._one class developed their own comparison
'game using Cuisenaire rods which were available in the room.
| ~ One. child was chosen as the "leader. .Each of the other chil-
| .} dren haé‘a set o; the ten different Cuisenaire rods. The

following excerpts frOm the anecdotal record of the authors

e 'describe-the game :.

-




X

- Ruth: .. "I am thinkinq of a rod that is blgger than x

o four [r0d8] and smaller than five [rods)." "
"+ [The. childreh looked at the ‘rods’ and,picked up the - B l
' appropriate one. (the yellow rod),] - S

L,"l - VDawn-i "Which rod is smaller than three others and
| - bigger than siR?" :

T '_ﬂilAgain the chlldren selected the approprlate rod L.
" . . 7 (thé black. one) 1. o ' . | e SRR
] . .o . - . .'_
. -::'* ' Ann: "I am thinklng of a rod that is bigger than
AN - ‘eight and smaller than two." -

\”

. [The childfen ldoked at thelr rods, picked up- the blue
+ one, put it down, picked up the brown rod put it

down,, and then started re—counting ]
e Dawn "We can't-do it. »Eight and two is ten, ‘and 'g" ,i-?' 7
N - . the numbers aré only supposed to add wp to S T '
. <'~ .+ ¢ . nine. 1It's one’.of these two [holdlng up the

A ‘blue and brpwn rods], but we can't, tell whlch "

Thls'activity was valuable in that the- children gained

c f; .'experience in describing ﬁhe relative posrtions of each rof. .
‘Because children may havevmemorized the color-length sequence . ,J_}

vf.of the Culsenalre rods, such rods would not‘be approprlate

<

 for thetstick_activity_described"oh the,precbding page; :

Lt

.y
g Y
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e NON<STANDARD. UNITS :0F MEASUREMENT " <j/
E R . R ’ / '._' 'n_‘. s - ‘_ ‘ v ‘ | » .
R = : oo Vet ."ﬁ‘jl_- l _d : . '. Y .~
: .Y @, ’
Measuring with Your- Own Boqz o L | -

- In order to demonstraﬁe to the chllaren how ‘their own

: : o. v . N
\ bodies could be used to. measure\a variety of thlngs, -"Hands

Tall" chart was, constructeg from trr;wé/i (three layer card- A

\

board) (see F:Lgure 4) Us;l.ng tl}e/chart ‘t_he ch:leren were

\ : -, A J

How Man
Hand‘b Ta”
‘Are You,? k

(N4

| Fig. 4--Hands Tall Chart

. able to measure’ the:Lr heights in “hands" and express those

]

--. heights, They were shown how the char?? could be made by
L . * Q - : | :
; “ ' ?(3 * :

B




'enough times so that,the total height of the "™stack" of

]

placing a hand ‘on the cardboard and drawing its outline

/

hands exceeded the height of the tallest chdld 1n the group.

(The. chart deplcted 1n:F1gure 4 was made by traclng an

&

adult s hand whach washﬁgur inches wide. | A child's hand

TCould be used as well ) e - : o /;\g,

While u51ng the "Hands Tall" chart, the childrenimade

»_"some-interesting discoveries. After_two.boys had. measured

. . ) _ »
themselves, they oompared their heights . -One boy was 11

handsAtaIl\and the other ‘was 12 hands tall. They , 3
\ .
that\the taller boy was one hand taller than the\shorter QY -
b5

Occas1onally, a ﬁractlonal part Qf a hand was noted in

< ¢
. was between 10- and 11 hands, it could be expressed as lO 1/2

hands | It was found that many first grade children do th1s

‘ measuring someone S he1ght. ForJexamBle, 1f a child's height..

, spontaneoubly—-some with and some without an understanding of

v

-”as;"10+"

L}

a fractional part of a*whole Anothér way to handle this is )

-~ to express a quantity between 10 and ll hands aS~"lO hands and ‘

\

a llttle more," wh1ch the chlldren Buggested could be wr1tten

\;of such notations for expressing lengths that happen to be "

4

little more than" or "a 1itt1e less: than.

»

The children s .own hands became their first measuring

instr.uments. They were encouraged to @easure ‘a wide variety

of objects in the room gchains, deBks, bookcases, etc.) uiing

-

" the width of their hands as the unit of measurement In

\ v

I4

',f)wa

3

leen the opportunity, children will create a number

-
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o succeeding sessions other "body uni " were used to measuﬁe

distances ahd objects in and outside of the classroom. Feet

*3.were usad to measure the length and width of the room, while )g
lfingers were used to measure small objects such as penCllS,
pens, and. books. ’ ’
% When the childrén were asked to use their feet to measure
something, such as the width’ of ‘the room, the answers from
child to child were not the same. ~Attention should be focused

A . . . . % ’ \

» ¢ . -
. . ' Measuring the width of the hall \\ , ®
. o, using a body unit - - |

,
N ‘ . /
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B
on these differences early im the activity. The Various.
results of a. given measurement can be written on the chalk-
board for the children tczcompare. The answers will almost
certiinly be_discrepanti- The major cause is that their feet
lare.of different sizes. Of course, sone of the differences
could also be due to errors in measurement. At any rate, the
chlldren should be encouraged to consider the possible rea-
sons for the observed variations. Some_of the reasons glven
by the children were as follcws: |

"Their answers are different because Becky'put’her
N feet close and Kate didn't." [Error caused by
measuring technique.]’ - , L

"There should‘ be a dlfference because our feet are
nqp the same size. R ) . A

[Sometlmes the reasons were more generalized.] "We
' just goofed." - ' '

Following a discussion of reasons, it is a good‘idea to
ask: "Accordlng to our measurements, who should have the
~ biggegt feet?" Children should understand that the person who
\took the fewest steps must haveﬁthe biggest feet and the per-

son who took the greatest number of steps must have the small--

»

- est feet.  Some children readily see this inverse relationship

while others dqgnot. : .
, A group o?.szaa\pts was asked to measuré the widths of

their desks using their hands as measuring jnstruments. The

results of their measurements (see Figure'S)'and excerpts from

the ‘ensuing discusdion follow:
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- 'Te_sha . | |0 honds ~ wide E
9" hands  wide | | | /
5 hands wide | "
% hands wid@
9 hgnds | wide

‘.- Fig. 5--A Simple Table to Record the -
Realts_ of a Measurement . o |

- o Teacheﬁ?//thy do you suppose that we have many
. different results?" - . , ’
. S Ragan: "Todd and me have the same;"fti: . .
Harry: [Who was absent the day'tﬁe'méaSufements-

were made.] "Some people-have bigger
hands and some have smaller hands."

Teacher: "Let's look at the results again. Kate .
seems to have a much smaller number than
anyone elge. Why do you suppose that is?"

| Beéky: ~ "Maybe qFr'hands-is bigger."

Teacher: "Let's find out. Mark, will you use your
' "hand to find out if your hand is smaller
than Kate's, larger than Kate's, or about
the same?" : = -

v

. «  Mark: "Mine's bigger."

Teacher% "Kate, .your,hands "are smaller than Mark's,
but you reported that your desk was only.
five hands wide. Mark reported that his

. desk was eight hands wide. Can we see how
you measured your desk?" :

¢

Kate went tQ her desk and used her hands to measu;i/yﬂg ‘ \

R wi?th-~and the problem was solved. Instead of using the

N .
“ . - . N

. : - 3
f
v { .
+ . * .
. -y - .
* . = + .
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width ‘'of her, hand, Kate Had used the length from her wrist

- to the tip of her. middle finger.

Mark: "If I did it that way, my- answe¥’would be
: smaller, too."

Teqoher: "If someone had large hands, would he have
: a larger number than you, Harry?"

”»

'Harry: "No, it would be smaller." o -

Measuring the width of a desk
using hand lengths
| Each child aise made a "hand-span tape" by marking off . - l n t
on paper tape units equal to the width of his hand ‘with the |
:} 1 | fingers spread. (The paper tape used was “teletypesetter“

‘;j ~ tape, obtained. at no cost from a local newspaper office.) A

,wide varﬁgty of objecte and distance& was then measured and
recorded.f The worksheet entitLed "Measuring with the 10- Span
- Tape" (see ﬁppendig B) 1ndicat§? a-few of the things that can

be measured in this way. . (

3
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. . | . ) ‘ i . L . , .
Inha later activity the»children used cardboard sticks
- of fiifferent colors to. measure a var:.ety of objects (see |

page

"\ Several students decided that they could measure

jff stex and,‘ore easily i;_they marked off a piece of ‘paper
tape-in "ge'10w~stick-lengths"i(i.e., in 10-centimetre

-lengthe).' Some“used sticks of'other colors. All;of_the

. P . . ’ N

" Marking off a paper tape in
"yellow-stick lengths"

—

children made their tapes longer than the original 10-span
L tape, enabling them to measure longer distances more

conveniently.
. .

Estimation and Accuracy .

-~

-Ka soon as the.children’hed'ﬁained some experience_in

_measuring with non-stquard units (fingers, feet, hand spans,
w¥ etc ),‘fhey were aske to begin estimatlng the various dimen-
sions before actually measuring them.” A typical activity of

this typeicould-be initiated by posing the following queet#dn: ‘

. Kl . N . - cr .
. - ' - e o . . .
| R '512 : . o ‘
. . . . : . : R : .
by ERIC . . - . N M
L] . N . N
, . - o _ : . .




22

"If I measured the lengfhlof the room with my feet, how many
- - \

_'steps' would it takel to reach from one end of the room to

' the other?" The children should firs ‘establish that the

teacher, because ﬁe hds 1hrger'feet,'wgrld:ta§e fewer steps’ﬁ . ‘
than a child. | B l | L
'-This procedure was followed with one groué.of childrén
who had reported measurements for thc'lehgth of the room raﬂg—
ingmfrbm 42 to 55 of_their own feet. Wﬁen'asked to guess how o
many of the tgachér's feet’ it would take to span the rdgm!
some children thought.that.it would take 21 while the rest -
gﬁessed 22. As the.teacher étepped 6ff the distance,-the chil-=
- dren counted, finding the length of the room to be 27 "steps.".
Thesé initial estimates were reasonablyucldse.. As the-children;_ _ ?
_gained.experience in qsfimating distances, their accuraéy ‘ 4
impr§§ed maﬁredly-‘both in'ééﬁimation"and in measurement.
‘ .There seemé'to be merit in Héving'children estimaté a
distance before makiing a measdrement of it. Before long théy
start to use previous measurements as a basis for making suc—j
 :”“\?eeding estimates. .PractQFe_in estimating the magnitude ofia
éﬁmenéion tends to eliminate the'implaQSible estim§tes that

- some children make early in their measurement activities.

, A game of estimation (Estimo) is described in Appendix C.

This qame caﬁ\be introduced when the teacher .feels that the

e |\ .
children have\?ad sufficiéng experience measuring with the

metric system.\ . . |
e R \ . , )
Another~tephnique.that_seemed to be effective'&n improv-

ing,skili and accuracy in me?gurement was to have the children . o
; ) ' - ' _ ol ) T e
Lo . o | 7

[l
'
BRY
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~ ...  [(length) aﬁd_hell-(width) were measured with theiﬁ\ﬁiiij] i.

,comnare independent measurements of the same things. in-this
Lway, errors in their measurements were alred and corrected by
the group. ;igure 6 presents a table shOW1ng measurements'
@aaé bQ'five.chlldren-of five different objects.f»The desk,

'chair, and table were measured with their hands.- The room

Desk Cha\r‘ | Tab_\_e.'- "Ro'om._. Hq“ _‘
Nany' »I | i 7 'K3O I '4'4 .16

Mlchele 7 | & | 20 | & e
A Wengy | 0 [ [ s [ |7
Todd || 9 | 1 | 22 ¢ 48 1y

L3

&

) \. Fig. 6--Comparat1v&.Measurements Made
with Hands and Feet

 Obvious discrepancies in their results cam.%ejnoted by
S : "

"inspecting the table.- The following dialogue ensued regard-
ing these measurements:

Teacher: "Let s look at your measurements of the desk.
t is the largest number of hands\that any-

, e found foiithe width of the desk?{

)' : Wéndy: -"Nancy and me got eleven."-

e e e




. . Teacher:

-.JMichele:

'ATéncher;'
. Michele:

Teacher:

- Michele:

Tedcher:

Wichele:

-‘Téacher:

- Michele:

Teachenr:

K4

"Who found the smallest number of hands for
"the w1dth of the desk?" .

v dld.'_I got seven, o R

"Do you think all of these answers are correct?"

"Yes.
.8

"Why do you thlnk they are all correct Mlchele?"

“"Because our hands are dlfferEnt [srzes].

[Although this is true, it does not account
for the nearly 60% difference between the
largest and smallest measurements ]

"Could yodu tell whose hand is blggest and whose
hand is smallest from these anSWers?"

"Wendy s, and Nancy's are- ‘the blggest "
"Would ‘you- say that the person who" had the
largest answer has -the biggest hands?"

"Yes." [She hag not assimllated the inverse
relationghip at this point, viz., the bigger
the hand,“the smaller the numbér of hands '

needed to measure a. given dlstance ]

"What do the rest of you think?"

[Uncertain response from others.]

v

. 'Teacher:

(
- Michele:

" Teacher:

| " Wendy:
~ iTeacher:

Mtahele

"My hand is bigger than any of yours. If I. =
measured the width of the desk, would I ‘get

more hands than any of you?" .

"Nol" '[She has, of course, contradlcted
herself ] A .

,"If I measured the desk, how many hands do

-you thlnk it would be?" ) ‘ :

LY\ smaller number." [She seems to understand
the invelse relationship. 1. .
"From that answer, whose hand do you. thlnk is
biggest?" |
'"Wendy '8-.and Nancy g." She. is still not clear ]

[At this point“Todd waé shaking his heagdl:]




J‘qud:_ "I think M ‘lohele s hand is blggest - [The. RN
- ' table 1ndicgtes this to be true, even though
~in reality er hand was not the biggest |3
Wendy.:  "Yes, Michele, because iE”é a leps [smaller]
o number."

. [Both Todd and Wendy had‘made a valid interpretation.
of the information presented in the table. However,
the accuracy of the table 1nformation had not yet been -
established ] L |

| During the discussion-—whlch continued for some time--
.the students compared their hands and found them to be almost
identical in size. From th1s 1nformatlon they quickly real-
ized that there were errors 1n the1r measurements.- A re—"'
measurement confirmed that errors were indeed present Thq'.
_results_og tﬁe measurement of the other things were alsoloom-"
pared'and eyaluated by the students. Several errors were
found and corrected. Thus, interpretation of data, validation
of measurements, and correctlon of errors were all accomplished
1through thls_discus51on. |

. Using Standard Non Standard
' Measuring Instruments

- Each child was provided with some narrow strips of tri-

wall that had been cut to standard lengths of_ - 20, 40, and

80 céntimetres. The children were not awdre of how long the
sticks were, AEigure-7 on the following pz;e_depicts the rela=-
tive_lenéths.of'the sticks that each'ohild received. In the.”
;aactualidevelopment_work, to make identification easier when'
measurements were being discussed, the sticks mere painted

. -
. the colors indicated in the parentheses.

[V




Fig,'7-—Cardboaqﬂ Meesuring Sticks -

The chlldren were glven e Yarlety of Opportenltles te
measure many. things with the dlfferent measurlng SthkS
They were asked, for example, ‘to estimate the w1dth of their
-jclassroom and then measure it with one of the cardboard in-
v

- struments to see how close their estimates were. Thelr.

results.are showﬁ in Figure 8,

_ The room was od‘ua”y |7ﬁ blu.e. shck:s Wldh¥ | \
Fi‘g. Bf'.-Room Width in Blue- e -
‘Stick .Lengths -
B 37 2 '
o R ' . \' f - t

B Rt ]




As .can be seen, most (but not all) estimates were plau-

sible,.and some measurements were very close to the actual
_ width of the room As “the children gained more experience in ¢
.estimating and in measuring, they became 1ncreas1ngly more

“b

o proficient at both.

A similar activ1ty 1nvolved u51ng a variety of measuring :

instruments to determine ‘the wbdth of the hall. The results

'of the children s measurements are presented 1n Figure 9. : ’;'

 How \/\/lcle Is the Ha\\?

.". .- Yellow Blue | Red |
1 hcke §t|cks Shcks .Fee+ Hancls

',‘f — \ — — l — x |
| Beeky | '36 e | 5 | Te | ug |
;Havrry_r '_ 30% \ f]\ A .. : ;|5 | qu. \

. | ~ \‘ : - N
Kate. | 27 | 7 \ S | 15|27

W.Mafk‘. T | 5] | e | e
_ R03cm | 32 | 9 | 6\ 17| 22 | -
| Tesha | 29 | 9 | 20 N

‘To&d.". 25 | 95 | &

.

Wldi’hb 27 76'" o |

e, Fig. 9--Hall Widths in
: S Non~Standafd Units |




”-'There is a great deal of agreement in the measurements de-

'picted, howQVer, some discrepancies caused by canelessness

are-alsz/; ident.. For example, in the "Yellow SthkS" colr

umn, th easurements ranged from 25 to 34 units.; The mag-

.nitude of\ﬁhis variation suggests carelessness of some sort

during the measuring process.'

. .,(J'.
i -

should be noted with respect to the measure-

ments in igure 9. -First some of the ehildren began-to .‘#?.

, express t_eir measurements u51ng fractions, for example, -

'7-1/2. . They were not encouraged to do this, but neither were

they discouraged Although thlS use of fractions was- unant;c-

ipated, it was noticed that the childnen seemed to gain a -

‘

rather sophisticated understanding of the meaning of a frac--

'.tiOn as this series of - act1v1t1es progressed L wf

Second the children were aware that all of their meas-

"urements with the yellow SthkS should be the same, just as

'all of their measurements w1th the blue aticks or the réd

|
sticks should bes the same. When asked why thelr measurements

'

anith ‘a stick of a given color were not the same, they*replied

% N

 "Some of us goofed " At the same time, they wete aware that

L

the measurements W1th their hands or feet should be different

-since these appendages differed in size from child to child:

Because there were: some discrepan01es in their measure-

»

ments with the yellow, blue, and red sticks, the children were.

‘asked how they could determjne what the width of the hall

"'-actually was. A large number of, the colored sticks were made

‘./ . \: . - o : ) - 7 , .
‘ ) . ’ _




v _' . available. One chlld suggested taklng enough of the yellow
} N _ - 4
e stlcks to lay them end to end across the hall hen.the : ’
number‘of sticks could be counted to ascertain the correct “\y
width._ This was done f1rst w1th the yellow sticks, then 4?
lf”;ff with the blue stacks and flnally w1th the red SthkS. | t
‘f ‘-. X | ’ . . ] Y : "...I _." . :‘. ) . \.-.. » B ‘;'._ ' '
01.. .:v‘."‘ _;'\t ) - o
.a Lo - 'A.‘*
. ST o i
v f ‘ “ﬁ .
o - s _p; Measuring the width of a hall R )
--'-gﬁ S L . . . ,u51ng yellow stlcks A
e o The length of the hall ‘was 1nvestigated next In t%ﬂé
. . - [}
activ1ty, the chlldren ‘were asked ‘first to estimate-the length
-?;b' . ‘ and then to measure it. The sheet on page'30 (Figure 10) was |
. .used with thlS act1V1ty and presents the estimates and measure-A
e ‘ ~ ments. made; It ‘Was noted that -some chlldren preferred to '

"measure f1rst and then estimatela ThlS seems to reflect, at

A

;_ ;'.' - least in part the notlon held by many chlldren that it is bad

td-make a mlstake. An attempt should be' made to dispel this

. ¢ 1 \

fear by encouraging the children to use thelr prlor experlences'_ .

-

~ - +

w1th measuring to make reasonable estlmates.
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26 -

|Todd 100 | 51 |10 |10 |9 | + foo|

o

" |Becky || 38ETNHBY | 2 31 |3 |33

f “‘HH_orry :}3% ' 3'+ 113 || 1o | 10 22j

| s 3 — }( ’ — | '
.‘ . Child did not compléte agtivity. _ et
My o 41 S 'f .* Fig. 10--Hall Lengths in Non-Standard Units
o .. B | . . . A R ¢ . ' o ‘ :
ERIC" - - . } o - NE L SR
’ " R N : . . e v ‘. . ’ . . ' « . ! v
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¢

Guess What I'm Describing

A simple game was deVised to provide further experiences
in estimating. It is played by having one child look around
the room and choose an object. He then gives his estimate of
'one or- more of its dimensions in terms of any of the non-
‘standard units he has used, in a manner Similar to the follow—
'}ng: "I'm thinking of something that is two blue sticks long,
ot "I am thinking of an object that lS one red stick high and

‘ten'hands wide. From the dimenSions given, other children

must try to determine what is being described Considerable

¢
L)

?nterest and excitement were generated by this game.
4? \qc
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MEASURING WITH STANDARD UNITS. .

S

Using Uncalibrated MetréﬁSticks

oo | '.The children Qe;e asyéd to Méasure_thg éistancé between
twd.bellowAlihes-painted on yhe playground blacktop using

- uncalibrated metrg sticks. Although:ch?lk wifﬁavaiéeble to

them, thgir initial decision waé to use.a~pencil to mark the
position of(the end of the mgtreugficki- For most of them,

this "marking" was carried’ o

out in a rather crude fashion.

Scott did not use his pencil

to make a mark at the end of
4 . .

the stick. Instead, he placed ¢ L “ \
, - Fig. 11--Scott's Method

. the pencil on the ground at -’ ‘

the end of ithe stick as shown in Figure 11l. Next, he picked

_up'the metre stick and placed it on the other gside of the
[} . . " o . ‘
pencil. This process was repeated until tHe distance was

-

. completely.spanned._ SconF'si

\ Py ' method failed to take into

é/ ' _ 6?_ account the width of the pen-

? : ;95;/ ‘ : ‘ cil. FurthermpreJ the wind . o

S rolled the péﬁdil forward a
Fig. 12-~Paul's Method

¢ o R few centimetres ‘each time he

. [] . ) . .
- moved the stickl Paul attempted to compensate for the width.

)

of the pencil by placipg it as’shown in Figure 12, Only

\,l" ) ) . ] ' ’ ' , ' "




s

*

"Mary used the point of the pencil to make a mark on the black—'"~vu~w~

,:' top'to indicate the end of the metre stick.
| The range of_results-reported for.the-first measurement
'was 17 1/2 metres to 25 metres; "During ' the comparison of
' these reeulfs, Jane attempted to explain the cbserﬁed discrepf
ancies.by suggesting thar'thefvnits used were not of the same
- gize. (This explanatipn was prcbably‘rased on her prior expe-
rience with n0n4standard-hnits where rhe_units—-for'example, -
feet-?actuaily were of different sizes.) However, Paui demon-
strated thatfthe metre sricks\were the%sameilength by placing
two of them together. ‘ . . . | |

The children then decided to pair up and remeasure. .fhis
time they,asked for chalk to mark the end of the metre stick.
Halfwaypdown the blacktop Jane lost count and_yanted-to.go.
back to.the'beginning-tc start again but her partner ﬁary
said, "It doesn t matter; you can just count the ‘marks when
you're through " The remeasurlng produced_a range of 17 1/2

' metres to 18 metres--a result with which the children were

satisfied.

Using the Trundle Wheel

After measuring the distance between the two yellow lines,
the chlidren'were asked to use their metre stlcks to meagure
“the width of fhe blacktop. They paired themselves up to per-.
form thisltask Paul and Scott reported a measurement of
.18 1/2 metres, Jape and Mary reported a measurement of 18, 1/4

"_ metres,’ Jane pffered the following~explanation fdr this
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discrepancy “It s awful hard to keep straight when you have
to measurersombthlng long Mary and-me measured right on top
f“the‘yellow line so\we could be sure.”

s
Whpn the childreﬂ were asked to measure the same/distance

\

Jwith a/trundle wheel, Jane was not at all conulnced that they

wop1d<come up with the same.measure. Paul picked up the wheel

s

o B

Measuring with a trundle wheel . e L6 e

and pushed 1t along the entlre length of a metre stick. "Look," -

E'he said, "one turn is the same as a metre stltk." In Splte of
this, Paul and Scott reported théir first measurement aiblg 1/2 .
4metresf Whén:thieﬁreport.was challenged in view of their prior'

~measurement with the mette stick, they remeaSured. This time

*

-they employed the technlque of using one of the yellow lines

‘to be sure that they measured along a stralght line. The

X
.

) . ) . * . v .
’ . B . . » ...h . ' 4 ] .
| 4 . .
Ivl N
)

Y .




result of ﬁhis’measurement was reported to be “18 full turns

¢

and aboutya half a turn more.“

Using Calrbrated Meé.t Stlcks

" Ne t the children were 1ntroduced to a calibrated metre

sticky and given the.task ‘of measuring the objects p;ctured on
a workdheet siﬁilar"to the one included as Appendix D. They
‘were aJked to eptlmate the length of each object and record
 these istimates befqre maklng their measurements. The estl—
‘mates made at first were generally not very close to the actual -
,measure; but, as the session proceeded and_as the children
Gainedimore'experience usinghcentimetres,'theirHéstimates be-
came.mpch-more reasonable—ethe errors ranging from 0 to 23% of
‘the actual-lengths,'

’ During the.next_session, the children were presentgd with

a summary chart of their measures (see Figure 13),.ang they-
| discussed this chart with some insight. They recognized the
'discrepancies and offered the fol}owing hypotheses in explanation:
"Mayhe We.didn't all measure’the‘same_hammer." [True.]~~

-
"I measured a longer handsaw than Eric." [True.]

1

- "I bet she wrote them down backwards [in the wrong place].'
. TReferring to Jane's reported measures for short and long
‘ screwdrivers ] . :
Another explanation for certain discrepancies was suggested
when it was brought out ‘that Paul and Eric had employed slightly
different-methods.of_rouhding off their measurements. While Paul

had stated that the length of the shoré\screwdriver-yas "a little .
rmore than 8 centimetres,"” Eric insisted that it was_"a'littie 1e§s

than 9 centimetres." . - P




~ Our Measurements — Centimetres

‘-»‘, L - Erié 'Paul |Scott | Jane IMQD"
| ” Screwdrwer 9 ,. _ 3 9 20/,/[.25
== " 20| 20| 2| 9 |2

- Scrcwdrfiver |

A-stiek . |l 70 | 70 | 70

L b-Shdg . 30 | 30

| C§P~i.ng Sow |
e B

ol | 31 |« | 6l | 6l

[/~ R | 1
[ﬂlﬂ R ﬂ 203 | 200 | 208 | 203 | 203 |
U .Table : |

o *child did not complete activity.
\. . ‘

* Y Pig. 13--summary Chart of Leng'ths‘_

J\“ o . s
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interestingly, when Paul was qdestioned_about’the measure

that he reported for the table (200 centlmetres), he replled
"I measured it.. It ‘took two metre SthkS, that's 200, and
1-there was just about an inch [111] left over.”

| - There was much discnssion about the range of measures for
;_the coping saw.  The Chiidren"decided\that-the spread of 7
'-:centimetres was just too large to be caused by anything but
careless-error, After 1ns1st1ng on and completlng remeasure-
ment, they came’ to a consensus that the actual length was

mﬁ?res._ ' o

”somewhere between 42 and 43 centi

‘

Measuring lengths , . |
. i\' ’ (
The children were next given a worksheet 31m11ar to‘the
vf‘
‘one 1ncluded»as Appendlx E and were asked to make ‘estimates of

helght, record them, and then measure the objects plctured.

In working with height, the chlldren s estimates assumed the /




) same pattern that had been ev1dent in the pfevious actlvities

-with 1ength Their first estlmates tended to bear little re-

-

lationship to the reported measures, but the percentage of

{...- - 'error dropped markedly during the course of their work.

.

o

[

"-Measuriﬁg heights
: - B \"3/ SN

During thedseéond”session’d‘voted to this activity, the
!

thldren looked at the summary chart of their: measurements

X o
(see Figure 14 on page 41) and discussed it at length: ' ' -

K o - Paul: ,"Hey, weé got better!" [When pressed for an
b | | -« explanation, he went on.] "Well, on the table
' L and on f$he wood box we all got the same, and
. we mostly got. the same on the trash barrel."

-
-



- Marys: [After remeasuring'the trash barrel ] "I got
} 89 this time. I don't knébw how I-'got 81 last
time.” Paul got a:different one on the set of"
tool drawers. How—come?" o

. Erie: ~ "We all got 28 and Paul got 29. That's only °
.~ - this much."” [He indicated ajone-centimetre
.gpan on the metre stick. ] "You could 1ook at
it wrong and miss th at much.".i - |
. Ertes [Commenting’gn the’ 16-Lent'fﬁtre range of
-+, measutes for the shelves.] " "You couldn't .
.make that much of a mistake by just 1ooking
_at it wrong. - SOmebody really goofed."

_Mary: _[Defensively ] "It"s hard measuring something (/ff**\§
. '

that tall The metre stick can slip down real

_easy ,‘. _ —_— . ‘.:

_ Jane: "We did better On the door. There s only this “: .

i+ fuch difference." [Indicating a little less
L than a 4- centimetre span on the metre stick.]

The activities above proved extremely useful in encour—

| aging children to 1ook for discrepant data and in helping
.'them_to thinh seriously.about-the ‘need for accuracy'in meas-
_1urement; Through these experiences the children came to

jaccent a clustering ofémeasurement'results, although at‘the
same time they‘became'increasingly insistent that the range
of these results bé a small one.; : ' .f}’ |

" After measuring the height of a door, another group of

children reported measures’ranging f rom 203 to 205 centi- |

..(

:metres,‘ The folloW1ng;discu331on then arose:

iTeaaher: - "Is this a reasonable range?’
l Children: ."Yes.é. | | \ ) .N“
' 'Tedaheré; ."Arefthe measures acéura‘& endnch?"~. -
!Karag".' "Dogsn't it depend on what you, want to

- do with them?" S

L v A
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" Our Measurements — Centimetres

41

[ JEric [l [Scott|Mary[dane
| [mw 55 | 55 | ®» | 55 | B5
' Table I P | |
'III!|IIIII] 'Tjﬁ;bh &9 -‘Esq’ ' A9 31 ‘ 39 -
Barrel || | ~ . |
0 -
216 | 200 | 2198 | 205 | 2l6
| Shelves | - |
T Wood Bad) || 41 | 41 | H1 | Ui |
- [=1- | | N |
ILL]L_ ol 28 .29 |28 | 28 | 23
‘Jwauvears \»nl ' ? o
N .
Drawer|| 1z, | 10 | 12 | 2¥ [ 1%
| |+
_||200t | 2008| 203 | 204 204
Door -
| 1
Book | ‘ ‘ o R
Shelf|| 113 | |100%¥| U3 | 113 [-10Z |

. Fig. l4--Summary Chart of Ceights
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" e

;vf-jTeacheri ﬁWhat do you mean?" ,'-. ' '\ e a

. Kdra{?xd~ "Wwell, 'if I. just wanted to find out whether :'

. or not I could get something tall through

L - _the door--like those shelves-=-it might be,

o - good enough, but if Mr. Salz was ordering

' " " ".a new door, he'd have to really know how

" . tall the door is and the Fange would be
N L too- b1g then. ' .

N

| Measurlng the Bodx in Centlmetres

The actlv%tles descrlbed below were introduced by ask-
' pa P

ing the hildren\to flnd a way to measuré the d1stance around

the teache '8 head N They began by us1ng a series of. metre.:

\

SthkS, pla 1ng one agalnst the side of the head and startlng

'_ja second att the 1nt whére, because of the curvature, the

- first stlck ng longé?\touched the head Contan1ng in thls
manner, the chmldren managed to work the1r way completely

. faround the c1rcumference.. However, they became s& engrossed

in the mechanlcs of thelr proiedure that they lbst track of

the various small measures d were not able to determlne the

&

.}total distance sought - In looking for another way ‘to .solve

]thls ‘problem,. Erlc came up Wlth the idea of wrapplng a Strlp

| of tape . around the head, and Paul suggested that the length

 of the tape could then be found by measurlng it Wlth a metre

stick.

Once the above task had been/accompllshed the chlldren

were glven a copy of. the worksheet "All About Me" (see Appen--

“dix F). The rest of’ the sessron was then spent worklng on

this'sheet, .Although some of the measurements_could be made

‘«indivrduallmemany of “them necessitatedfpeer cPoperation.

)
- [ .
. ”—'
t\”i
’

}

T Y ey
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1

”making_their'measurements.

fities (see bel

" to shortest.

At the end'of”the-secondlsession,

|

Taking.measurements'of body parts

the children were asked to perform two additional tasks.'
First, they were askedrto -make a tape just as 1ong as they
were - tall and,_second, they were asked to- record on a summary

These tasks were

q

chart certain selected body mequFements.
designed to prepare materials to be used in subsequent activ-

)'- @ e :
: ’
.

om . ..

Gra hin g Measurements ce .

The children began this activity by making certain that ‘

" their height tapes aocurately reflected the actual order of

theg% heights.‘ To determine thlS, they lined up from talles(
Two errors were found and corrected before they

Proceededffurther, N

- Two sesaioﬂs wese required toyenablefthe'éhdidren to finish ‘




" . ;. L N s ,
‘ (;' A

. The ‘task- wis. then posed te find a w?y “to commun cate?thelr o

. results to thelr classmates Someone suggested that the tapes be

5

pasted on a larqge sheet of paper. Mary objected, Saying the tapes
g \sh uld be colored, so that they might be. seen more easily . Scott.

~ sug ested using colored(strips with gummed backs Mary argued that"‘
. - 9 : : » . ' . -
) the 50-cent1metre strips available were not long enough ‘but Scott .

»

pr0posed that each person use more. than one and overlap them.

It u#irfinally decided to record the measufements on a large:
\{\'

! \Hjsheet of centimetre graph paper Also, each child ‘was to choose a

-
o

.- gummed strip of dlfferent color to represent himself After the -
.axes of the\gzész’had been drawn aﬁﬂ calibrated, the eéen of each

,-..height tape was\laid on the base line and 1ts length marked off on"

"the vert1ca1 axis. Colored strips of appropriate 1engths were'

'then pastﬁ onto the graph . The‘ childrwejnselves suggestedh that R
the stra ‘be fiounted in orderuof height - .‘f T :h_ |

Tﬁe;teacher then asked,”"How tall would you be 1f you were~just‘ a

N

[

A‘}llf as tall as you are ‘now?" Many dlfferent wuys of f1nd1ng out / v .-7

were suggested and tried. Eric, affer much thought came=up W1th_n -

AR o e
+the 1dea of folding his height tape in half. 'The children were.un-.
g " gure about who wouhd%be tallest if they were all half size, so. they

» . . [
. -

checked byJEric'sNWethod.. They then asked if they could graph these

. xesults, ﬁaking{a record of quargefksize tapes was also suggested.

Phe- graph made during these activities is shown in Figure 15. The =

children commented on this graph at some length and insisted—that

\ , ~

Scott remeasure and correct his errors 1n tHh one-half and one- fourth

/

/@iZe tapes It was Scott who suggested the title for the graph
’ & - . .
\, ) )

e )

1 B s .
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imetre graph paper.)
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raph: of Heights

]

(Tﬁé:full-scale graph was originally prepared

e sheet of}cent
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The constructio? of one- e%lhth size graphs of se ected
~&

body measurements wis then initiatéd. First, each child was

. 4’ given a copy of the summary chart appearing in Figure 16.

Our Medeurements in Centimetres

Chest | Head |Neck [\Wrist

.4l | 55| 26| 13

59+ | 52 | 27 |14

ol B3| 27| 11

66 | BUE| O | Uk

f -

Aresve

Y Fig. 16——Summary of Selgctedph e,
o N Body\ﬂgasureménts ’ .
' . .-- o .“‘.o f: 7 .
. ] 0 .0 _’. ' - _)
. Next the shlldrén were asked°1f5they would like to make 1nd1
B 3 . Olb

:¢v1dual grdphs eof. their own body measurements They 1ndlcated

0

that they would. "The teaoher then asked how such graphs could

ﬁ'be~madé w1thout usmng large sheets of graphhpaper Jane 'sug-

,lrlﬁgested that they just fold their tapes agaln and make: charts

‘"haif of quarter s1ze.? The children agreed that one-elghth ,

L]

. scale graphs would be a good solutior” and proceeded to make
| them. Durrng thlS act1v1ty, the chlldren compared graphs and

‘asked each other many &uestlons, A,brlef excerpt ‘of thelr

discussion follows: :

!

.‘h”” Eric: "Look, my waist is just about half ‘my helght

Is, that true for everyone?" A

Jané:; "My wrist is half my neck. Does.anyohe else. .
"% have that?" : :

PR ' - = _ o 57 o
-, o . [ : Y
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Mary: "I guess height doesn't matter. Paul's tallest,
’ “but Jane has the biggest waist. Eric and Scott
have the biggest heads. Paul's tallest, but
- he's not the biggest all over. I'm shortest,
Y o ~ but I'm not smallest all over." ‘ )

‘After their discussion was concluded, a check was made
for "reversxbility," that is, the ability of the childrento
.COnstruct a full-siee tape from a quarter-size tape. The |
children were shown ‘a piece of tape and were told that it rep-
4resented a quarter-51ze tape of a 11tt1e glrl They were
asked if they could think of a way to find out how tall the
_little girl/really was. . Mary suggested an easy way .She laid
the quarter—51ze tape on a ldng strrp of blank tape and ‘marked
it off four times. Upon completing her work, she proudly held '
up the full-size tape. . ‘ o

The children then took the corrected "Shrinking People"
graph into the classroom to explain it to their classmates.

Examples of their explanations follow:

]

 Paul: "This shows us all full size, and this is ‘half
o size, and this is how-tall we would be if we - ,
) S _ were quarter size.. 'I'm 136 centimetres tall - o

. full size and 68 centimetres half size, and,
| 34 centimetres quarter_size _
T , . v
. Seott: "That says 'The Shrinking People.' We are
: really this 8ize, but we shrunk to half ize ’
o first and then. to quarter qﬂze. We did
eighth size too, but that's in our desks.
.. . :
Erio: "You can tell who is who by using the colors.
Paul has orange, I have purple, Scott has blue,
Jane is yellow, and Mary is green. :

(WP
¢
Mary: "We're different sizes here [indicating full '
T ~ size], and we'lre-still different here [half s
' " size]) and here [quarter size]. Paul's tallest (

in all of them, and I'm the smallest."

£ ' ‘ 4! o z
. 58 :\ o \ v < ! R : ’




Wheﬂnthe classroom teacher told Mary that she and Jane

1ooked thé same in quarter size Mary responded, "We're
]

really not "but there wasn't much difference full 31ze, so

when we shrank you can t see it so good,"

I
—

_Iﬂtroducing Perimeter

-

. The following iexperiences were designed as an introdyc-

| - . | “ ¢ -

tion to the idea of'perimeter. Provision was made on a work-
\r . ’ : L

sheet (seevkppendix G) for redording.length, width, and per-

imeter, but no stress. was laid on trying to have the children

. ’ .
discover the relationship between these quantities.

The children devised a method in which tape was used to .

find the perimeter of an'obiect or a drawing. Sides were

measured one at a time and laid 6ff on a' strip of tape.

all four sides had been laid off, the}children measured the
_iength of the fage to arrive ;t the perimeterT Two. of them
became aware that they could find the anewer'by adding, but -
were unable (as first graders).to.handle the computatioe

necessary . :\ -

' In another activity, the children measured the perimeter

of a room which had an irregular shape. Appendix'H contains 7

- the worksheet used ih implementiﬁg this activity.
. ; i o

I
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~ third grade.

®  CONCLUDING REMARKS

N
4

The authors do not consider this booklet to constitute

a complete or-exhaustive treatment of linear measurement.

Rather, they view the-ideas it contains as a beginning. lt

is hoped'th%t the activities d&scussed will stimulate you

'to create édditional activities of your own. . : B -
Above all, it is recommended that you do not push your“

students through a Single, narrow Sequence of experlences.:
. :

: | - | /
'@hey should be given time to consider.ideas, go bff on tan-

o

R gents,. discuss their results, try their own adaptationms,

consider alterna,'ves,’and .. . think.
. A brief excur ion 1nto mass measurement has also been
written. It is entitled "An Introduction to Mass Measurement

w1th the Metric System" and Wlll be aVailable in a "sampler"

“to be published by the Project on Elementary School Mathematics'

and SCLence, The materiils-it contains are appropriate for

the latter part of the first grade and for the second or

ta




v
\
r
. Kad : ']
i X ' . . R
, ¢ ’ B . . . _ N
L . .
) APPENDIXES :
r . . ) -
* f . .
) A
\
- i 1)
»
‘
. .
-
f .
e y
‘)
A »
"\. /
\ ;
2p.

Y

ERIC ’

o ' o | v .




APPENDIX A

E Bgckgrdund Information

..
| on the Metric System A
. . .
l‘| '
2 :
\ .
E

RN




‘- . N . : . : N -
o ) . » :

Every major country 1n the world is either required by

Q’law or- permitted for convenience to use the metric system of

'weights and measures. Although the United States ordinarily
: -does. not use the. metric system, except for: scientific purposes,.y
the metre and the. kilogram are employed as 1mportant standards
even in this country The metre is the standard unit for
length; and from an exact comparison W1th this standard, the
United States derives its standard yard, which is defined as
0.9144 metres\' ) . ,- o | o ot

The metric system was introduced by ‘the French in 1790, '
during the French Revolution. . It was part of the plan tdggta;t
afresh the whole social and economic life of the French' w1th-
out any ties to the past. The metre, the fﬁndamental unit of
length, was originally 1ntended to be one. ten-millionth of the\'* .

,distance between the North Pole and the equator as measured,

. along the meridian which passes through Paris. But, in the .

3

eighteenth century, ihstruménts Were not as accurate as-they
‘_are today, and somewhere an error was made in measurement. By
the time scientists discovered this mista¥e, the length of the
metre was so well established that it was decided to keep it ¢

as originally determined. - - : B
/ Because of the more precise measurements that are possible

today, a new standard for the official length of the metre was
set in l960 . This sfandard, which is used primarily by scien-

tists, defines the metre as 1,650,763.73 wavelengths of the | /

j{fﬁ\yf( | R o i




" inches. . , - y

,s1tuat10ns where it was more convenlent ‘but the system has .

’orange—red light given off by Krypton bs—fa rare gas found
. ' _ .

) » )
in the atmosphere. But people other than scientists still

continue to think of the metre as being equivalent to 39.37

The metric system devised by the French spread rapidly
threughoutiEurope-and to the colonies of most European na-
tions, although'France Itself did not adopt_the system offi--
cially Until 1830. At that‘time, however&_Br@tain and: the
United States were satisfied with the system o% imperial{

wpnits (inches; feet, pouhds, quarts, etc.) which they were
'already using and felt no need te change. In 18§g the United
States Congress made the use of the metrlc system legal in
never come into general use in this country. Britain, how-

ever, has begun the process of converting to the metric system

_ahd will be totally.metriq by 1975;' Pressure is curre?tiy
being brought to bear on our governmeht to make-a similar con-
version, and it appears that such a cenversion will be made , "'yt
in the near future. o o _ S

One thing that makes the metric system slmpler to 3se than'
the 1mper1al syptem is that it is a decimal system--a system
based on multiples of ten. Unlike the imperial system, in ’
which.every'unit of length has a separate name that éives no
clue -to its value, the name of each unit in the-metric system‘
.1ndicate3'itsfmagnitude. There are six major prefixes that can

bejattadhed to”any of the_units,'and each of these prefixes

64
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denotes a number (see Figure 17 below) "I'he prefixes for the ‘

0fractional parts of the units come from Latin, while the pre-"

'fixes for the multiples of the units come from- Greek Any of - '<\

these prefixes attached to "—metre" tells you eiactly what -
the value is; for example, a aentzmetre is one hundredth of ‘a -
metre. - For the purposes of this booklet, only the centi* pre-

fix has been stressed.

— "_ ' — . ".

‘ _mi_ZZii_— = on3_thonsandth’ = 1/1000 .
senti- = one hundredth = 1/100
deci= = ﬂone‘tenth - = -1/10
P o 'deca-_?_i' ten .. . . "= 10 R . I
| heoto- /f. one hundred = 100
kilo- /= one thousand' = 1000

?

,Eig.’l7;-Some Prefixes Used in
‘ ' the Metric System '
Y o

Another advantage of the metric system is that simple
\
relationships exist between the various types of measurement,

i.e., length, capacity, and mass. Spe01flcally, a cube with
. ) N . r'd ! - % , .
' .\ a side 10 centimetres in length has a,capacity of 1 litre;

iand the mass of 1 litre of water at a barometer reading of
760 mm.ofimercury and a temperature of 4° centigrade is
1 kilogram f-
" In countries where the metric system has been adopted,

-the metre is employed for measuring all kinds of dry goods

and materiald for building and engineering, -and for any

g

X
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purpoee whefg'the yard(//—ﬁpbt.might be‘used in the United

.,States} In, measuring-longer distances thaﬁ can be conven-

'measured with metres, the kllometre is utlllzed

instead of the mile. . Centlmetres and mllllmetres are used

.
Y

ins

f.A ni?ﬁre, and 1n measurlng book, paper and film sizes. . .

.........

Area. is calculated by mdltlplylng length by ‘width.

¥hereas the 1mperial system would use square yards.and
quare inches, the metric system;employs square'metres and

‘square centimetres.
. , i
{

In measuring volume, or what a space will hold, the
appropriate metric unit is the cubic metre. This unit is

used for reckonrng the tonnage of ships and the contents of

"tanks or reserv01rs, for measurlng timber, and for calcu—'
1at1ng £ill for land. The cubic centimetre (cc) is a unit

of volume utlllzed by doctors: and pharma01sts.

'/T:>- - . The anver81on table below (see Flgure 18) is 1ncluded

\

for the 1nformat10n of the teacher only. The act1v1t1es in

égis'booklet make exclusive use of the metrlc system W1th no

’ 2 o | . i 'UnitSjef Length . T ,
| ' 77 Imperial-to Metric o Metric to Imperial ’ ’
PN ' ; . —
= 25,4 millimetres (mm) 1 millimetre =, 0.03937 inches
= 2,54 centimetres (om) 1 oentimetre = 0.3937 inches
= 0.3048 metres (m) - 1 metre = 39.37 inches
= 0.9144 metres 11 kllometre = 0.62137 pilgs .
="1,609.347 me » .
= 1.6093 kilom tres (km) , ) '
. - — l ,

“ ’ .
, Fig- 18--Convereipn Table = -

e s 66 L . ) ;
T N . B L .
. . . “ .
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.




'mentio'n of conversion'to the impér‘ial\»s\y'stem of meastnres: -
ThlS is. by Geliberate de31gn, not because of oversight. The,
"authors feel that ‘many of the problems connected with the

. teaching of the metrJ.c. system in the past have arisen be—

\

, cause of the attempt to, come..ne an introduction _tq the system

with the usee of convers:.on tables. With young children, this

can be dlsastrous. The systems are d:Lfferent and 1t 1s<e1t

h that they should be 1ntroduced separately - \‘
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APPENDIX C

ESTIMO: A Game with

Metric Measurement
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Assembling'the Game

. A &lored playing board has been included';iph this
booklet. 'Befbre play is initiated, the board should be
mounted on o rigiq pflece of materiai-(e.g., cardboard or
plywood) | I , '
The game also requires five. markers. Buttons, sma;l

\toy animals, geometric shapes, or any other émall-objects

may be used.

a

Estimo: Game parts

"Line cards" and "question card;k”(d\ocribed below) .

will 4180 need to be prepared. ' —

) ) !
' D : r




Object of the Game, )

" Bach player sélects a marker. Markers are advanced on -
the board by correctly 1dent1fy1ng lines of specrfled

lengths on the 11ne;cards. The first player to reach the

]
?

~ "End" space is declared the winner. .

| The Play;ng Board ¢ ) - ,.‘?

The playing board contalns 48 numbered spaces between

"Start" and "End." Th1s 1nc1udes 10 numbered ‘spaces that

(. LY -

are Coloréd red: 5 and 6, 13 and 14, 25 and 26, 33 and 34, SR
and 40 and 41 The procedure to be followed when a-player

lands on one of these red spaces will be descrlbed below Ln'
the section entitled "Playing the Gane." .

: . |

'.?s N

“ay

. Line Cards _ : ¢

There are four different kinds of line'cards. They //':

// s

Should be placed in four separate plles Elther 2, 3, %,/or

x] 5 lines art drawn on each card. The gé;uter the nunpé/

lines on a\card, the more difficult it is to ansye¥. But,
by correctly answering a more difricult card, 4 player is
\entitled to advance more ‘spaces. The'cardswand their\

values are as fdllows: N e
_ Card with 2 lines--answexr correctly and advance
2 spaces. ' '

' card with 3 lines--answer correctly .and advance
3 spaces. : o SR

y ~ S .
7 “™Card with 4 lines-ranswer correctly and advance

-4 spaces. | | -

) . )
_ <'L Card with 5 lineg--angwer correctly and advance
: 5 spaces. S ¢ ‘ L
[ . ‘ - . x “

\

[ . - . . )
) ¥ ‘ '7
Q ' - ’ 2 .
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‘ If a given line card is not answered correctly, the
.player must‘pove hackmard the number of spaces indicated )
above. (chever, regardless of the number of spaces a
marker is to be movedﬁbackward, it may be’moved no further

backward than the "Start" space.)

™.

N

The authors _made sets. of “line cards at three different
-levels of difficulty. The difficdlty was determined by the -

: . : l
relative lengths of the lines ©/n each card.. Examples are

4

illustrated in Figure 19. It is suggested‘that the'teacher
/

“first make up a set of cards that 1s relatively easy for the
children to -answer. As the‘skill of the class develops,.

. more difficult cards can be devised to replace the easier

ones.

A A ‘ A,

Ac//' E?SieSt . . . * Most Difficult

+

Fig. 19--Line: Cards of Varying
Difficulty '

e

v

v : ’ ' _ S ‘ ‘~
Question Cards ' -

{ (

{

The questions-on these cards are intended to apply to

any of' the line cards At the bottom of each card is a line

which is equal in length to the length of the lbﬂé spe01f1ed

(S
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) .
) »

Using this line, the players can check their estimates. An

‘example of a typica; question.card follows:

Which - line is closést

to B cerﬁ+ime+ré5'?

\

Fig. 20--Sample Question Card

\ .
Experience has demonstrated that the game proceeds fast-

er if one person takes the job of reading all the question

{

cards. o
: b A

4

Playing the Game b
The game ig¢ recommended for two to five players. Each

‘player selects a marker. Play can proceed in any previously

agreed upon order. J(The order might be defermined by rolling

* dice, guessing numbérsg or any other convenient method.)
To begin, a plaYer\decides how difficult a line cafd he

jants to try. He then t m the top of the

td -
. N

N 74} -

ates a card fro

e 4

<«
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-

' '1'

appropriate pile. The questioner takes a card from the top
/

- of the questlon card pile and reads 1t<;c the player.r (Both

line cards and questlon cards are placed: face downﬂln their

. respectlve piles.) l t N

‘Let us assume, for example, that the, player chooses a (

Ty
\

llne card with four lines. Thls card mlght look like ‘the one

s ‘.

shown in Figure 21. . The question card selected might .ask

-

i

Fig. 21-#Sample Line Card

‘

(yiﬁ to eEFlmate "Whlch line is closest to 8 centimetres?"
If

the/player ;s successful in seiecting the line closest to

8 centimetres, he must moye forward four spaces, since he
Yooy . .

attempted a four-line card. It is

N

ymmended “that tHe




+

It is possible that none of &he four lines is ekactly}
8 centimetfgs_long. _Suppose, fbrpexample, that line B is
9 centimetres lohg and Line D is 7 centimetres long. In
thl; case, choosing either one of the llnes would constl— ’
tute a correct answer 51nce both are one centimetre from
-th;\length specified (v;z., 8 centimetres) .

-If a player lands on any of the red spaces, he must
move his marker into the round space of the area_called

. the "Rabbit Cage" and wait until his next turn to try to

get out. To get out, the player must correctly answer his

N
: »

next question. This question mus:ibe on a line ‘card with

a valde of 4 or 5 so that he can obunt his way out as shown'

in Figure 22. , /‘

The game continues with eggﬁ'player‘bfoceeding in turn )
until the first jerson reaches the "End" space. It is alsp -
nue play until add1t10na1 players have

. o
reached the "End" space,,

p0551b1e to cont

»




qigu 22--Counting Out of
o a Rabbit Cage

\ L | Lo
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Exploring Perimeter
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Name

ST Explomna Perimeter
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| Length || Width || Perimeter
C
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B | - | | i
At the conclusion of the activities described in this

.

. booklet, the authors administerea the three worksheets in

this append;x tg asSess what the children had learned The

4

summary below 1llustrates some of the lhformatlon that mlght
. ' \
~ be. galned from such’ an evaluatlon , ‘ﬁﬁ‘é

.The flrst.two‘worksheets deal with estimatien. The

I twe%ve'children working on these sheets were given no measur-

ing'instruments - i
' _ ‘ ' e S
, . Item 1: ~Oply one child had an accurate mental = - i
e T - p cture of the length of:a l0-centimetre '
o [ .“gégment. . Three of ‘the. ‘children thought -

that ‘the l -centimetre segment (E) was
10, centimetres long.

o  Item.2: The tapes made by the,children'ranged
~ g FERTN from 90 centimetres to 152 gentimetres.
. One child's tape was within 4 centi-
metres of a metre, but most of. the chil-
dren.overestimated by a large amount. .
Item 3: There were very mixed results for this
! « . item. One child seemed to ‘thave the
' /N ‘ -. ability to estimate quite closely the
. : ~ length of segments less than 10 centi-
X ‘  metres, usually on the side of under- ,
: estimation. (It appears that not enough oo
_ time was spent in having the children .
’.’5//est te lengths from 1 te 20 centi- o \
ﬁ? metres)) However, with one exception, T
. r#; ;. most oi e errors in estimation: appeared. -
" .. to fall within the range expected for  ‘ "‘
3 BN - children of this age. (It should be - .
A s v " 7 ‘noted that, to aid in estimation, the
’ : . length of llne C was given as 10 centi-
S " metres. The children were asked to - .
LNy guess the lengths of only llnes A, B, - - .
* The ‘last worksheet deals}with both estimation and.:

neasurement
e - .




~Item 4:  While the estimates of the width of the _
' * "Lab" ranged from 5 metres to 20 metres, . Loy
o L the reported measures were accurate, for ' /
7 ﬁ?\ : ' ' the most part, within a 5% measurement . P
- " B error (which may have been caused by the _ ' T
S o _rounding off'of a fractional metre). b : o

Item 5: The estlmates of perlmeter ranged from 5 e,
: B} to 30 centimetres; but, with the exception
¢ ~of one child (who added a centimetre to s
' each side of the figure), all the children
were quite accurate in their reported
measures. :

[ Item 6: Given a quarter-size tape, the children’
h | ' were asked first to make a full-size tape
‘f: - and then to measure it. With one exception,
4 the children were accurate within one centi- v
metre. The exceptlon came about because
one of the children thought that there were
elght quarters in a whole.,
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Name - o

;
.8

(1) Which line is 10 cm long? Circle
: the lefTTer. -

A

(2) CuT_ofbiecé'of"Top@ that you Think')i;"
| is | metre long. |

BN

—

A‘Spr.e T

hé Tape To This poper;

i




YT N

A
'-(3)"Guess hOw'Iong'eobh Ilmé is.

WruTe your guess in fronT of‘The
IeTTer - S




A 101 o
/'( - - V. . ‘ ' ’ ' |
© (4) Width-of the Lab in meTres. ,
~Estimate
3 o Méosqre' - |
(5) DiSTohce‘Qround this figure.
| ‘ _ l Estimate .\\Q" —_—
SR Measura____
(6) Look at the I/4-size Tope.bélow;.‘\ -

- Make a full-size tape and measure iT. .

Write your measure here:___ .\ _tm-
;o X .
o§;:o§ e XX 2::.: : o ‘. e,
: ® .v.... e e ;....f....;.‘...
® ® :
®




